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Abstract 

Background: High HIV-1 incidence rates were reported among persons in fisherfoll< communities (FFC) in Uganda wlio were 
selected for liigh risl< behaviour. We assessed the incidence of HIV-1 and associated risl< factors in a general population FFC 
to determine population-wide HIV rates. 

Methods: l\ community-based cohort study was conducted among a random sample of 2191 participants aged 18-49 
years. At baseline and 12 months post-baseline, data were collected on socio-demographic characteristics and risky 
behaviors (including number of partners, new partners, condom use, use of alcohol and illicit drug use). Venous blood was 
collected for HIV serological testing. HIV incidence was calculated per 100 person years at-risk (pyar) and adjusted incidence 
rate ratios (Adj.IRR) were estimated by multivariable Poisson regression. 

/feii//f5/ Overall follow up at 12 months was 76.9% (1685/2191) and was significantly higher among HIV uninfected persons 
and those with at least 1 year duration of stay in community. Overall HIV-1 incidence was 3.39/1 00 pyar (95% CI: 2.55-4.49). 
Among the 25-29 years who drank alcohol, HIV incidence was 7.67/1 OOpyar (95% Cl;4.62-12.7) while it was 5.67/1 OOpyar 
(95% Cl;3.14-10.2) for 18-24 year olds who drank alcohol. The risk of HIV infection was higher among 25-29 years 
(adj.lRR = 3.36; 95% CI: 1.48-7.65) and 18-24 years (adj.lRR = 2.65; 95% CI: 1.05-6.70) relative to 30-H years. Compared to non- 
drinkers, HIV incidence increased by frequency of alcohol drinking - occasional drinkers (adj.lRR = 3.18; 95% CI: 1.18-8.57) 
and regular drinkers (adj.lRR = 4.93; 95% CI: 1.91-12.8). 

Conclusion: V\\y A incidence in general fisherfolk population along L.Victoria, Uganda, is high and is mainly associated with 
young age and alcohol drinking. HIV prevention and control strategies are urgently needed in this population. 
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Background 

The HIV epidemic in sub-Saharaii Africa is generalized and 
stable or declining [1]. High risk sub-groups can co-exist within 
generalized epidemics giving rise to concentrated HIV sub- 
epidemics in generalized epidemic settings [2]. These high risk 
sub-gToups, known as most-at-risk or key populations, tend to have 
consistently higher rates of new and existing infections than the 
general population [1,3]. A growing body of evidence from 
Uganda and other sub-Saharan African countries suggests that 
fisher folk communities (FFC) appear to have a much higher 
burden of HIV- 1 infection than respective general populations [4- 
1 1]. This may not be surprising given that the first cases of HIV in 
Uganda were identified from a fishing community in Rakai district 



in 1982 [12] and since then FFC in East Africa have been 
disproportionately affected by the HIV epidemic [13-16]. 
However, most studies have reported findings on HIV prevalence 
in FFC but data on incidence are still very limited. HIV 
prevalence levels between 27-29% in Ugandan FFC and 16- 
25% among Kenyan FFC [4-6,9,10,17,18] and an incidence rate 
of 4.9/100 person-years among Ugandan FFC prescreened and 
identified as being at high-risk of HIV infection [4,1 1] have been 
reported. These figures are 3-4 times higher than respective 
national averages. Currently in Uganda, groups that have been 
identified as key populations include commercial sex workers, 
uniformed services, fishing communities, truck drivers and MSMs 
[18] but only commercial sex workers and long distance truck 
drivers have been well characterized [19-21]. However, emerging 
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data on FFC and men having sex with men suggest that these 
groups too may be key populations [4,5,11,22]. Unlike general 
populations, fishing communities tend to be socially marginalized 
and often stigmatized. They characterized by a high presence of 
bars, lodges and entertainment halls, transactional sex (sex for 
money and sex for fish) activities, high alcohol consumption and 
multiple sexual partnerships [4,5,8,9,11,13,15,23,24], but very 
Umited access to health services. Fisherfolk, especially fishermen 
and fish traders, tend to be mobile or migratory moving between 
islands and landing sites in search for better fish yields [7,25]. The 
mobile lifest}'le is belic'\'cd to contribute to risk behaviours in part 
due to absence social structures that could constrain risk taking 
such as spousal and family social audit [13,24,26]. Among 
fishermen, the daily risk of drowning with immediate death 
appears to be a bigger concern than the risk of contracting a 
chronic and nowadays not necessarily fatal infection with HIV [4]. 

More empirical data on HIV incidence, risk factors and drivers 
of HIV inft-ction are urgendy needed to determine whether FFC 
are indeed a key HIV population and to facilitate the design and 
implementation of appropriate prevention and control strategies in 
FFC and groups with similar characteristics. Sexual inter-mixing 
and int("ractions between persons in key populations and the 
general population may dUute the gains thus far attained in 
reducing HIV in latter. Additionally, the fishing business provides 
food and economic survival to a large number of people in East 
and Southern Africa and contributes to national economic 
development. In Uganda alone, it is estimated that FFC constitutes 
about three million people whose fishing business contributes over 
6% to the national gross domestic product [18]. It is therefore 
critical to determine the burden of the HIV epidemic in FFC and 
to provide timely and appropriate control measures. We 
conducted a community-based cohort study in a randomly 
selected population representati\'e sample in 8 fishing communities 
to determine the HIV- 1 incidence and associated risk factors in the 
general FFC population around Lake Victoria, Uganda. 

Methods 

Study sites definition 

A fishing community was defined as a group of persons living in 
a village or trading center that is adjacent to lake landing site 
where main economic activities and livelihood are derived directiy 
or indirectiy from fishing activities. Inhabitants of these commu- 
nities are diverse and usually include fishers (boat crew), boat 
owners, boat makers and repairers, fish processors and traders, 
shop keepers, and owners and workers of bars/restaurants/lodges. 
Th('s(^ communities are typically densely populated with wooden 
temporary buildings that are densely concentrated in small spaces 
especially at landing sites and their proximal areas [1 7] . 

Study design and Procedures 

A community-based cohort study was conducted in 8 fishing 
communities (1 lakeshore and 7 islands) in 3 Uganda districts of 
Wakiso, Mukono, and Kalangala. Study procedures have been 
previously described [5] but briefly, we conducted a community- 
wide household enumeration census in each community after 
which a proportion to size random sample of 2200 participants 
aged 18-49 years was selected using Stata 12 (StataCorp, College 
Station, TX) software. Of the 2200 selected, 2191 prcnided 
written informed consent and were interviewed in privacy by same 
sex interviewers at baseline and 1685 at the 12 months post- 
baseline visit. Data on socio-demographic characteristics and risky 
behaviors (including number of partners, new partners, condom 
use, use of alcohol and illicit drugs) were collected using semi- 



structured questionnaires. Participants were asked if they drank 
any alcohohc drink and if they responded in affirmation, they were 
further asked the frequency of consumption. Assessments were 
done for 3 and 12 months preceding the date of interview. Venous 
blood samples were collected for HIV-1 serological testing and 
participants got voluntary counseling and testing from certified 
HIV counselors. Participants were encouraged to share their HIV 
results with their sexual partners but no involuntary disclosure of 
HIV results to third parties was done as per the Ugandan Ministry 
of Health AIDS Control Program pohcy on HIV testing [27] . HIV 
infected participants were referred to lllWAIDS care ccntr(;s for 
further management and encouraged to seek care. HIV preven- 
tion services including health education, counseling, treatment of 
sexually transmitted infections (STIs) and voluntary medical male 
circumcision were provided to community members (participants 
and non-participants) at no cost. Institutional Review Board 
approvals were obtained from the Uganda Virus Research 
Institute's Science and Ethics Committee (UVRI SEC) and the 
Uganda National Council for Science and Technology (UNCST). 
AH participants were enrolled in the study after providing written 
informed consent. 

Laboratory testing 

HIV-1 serology was determined by rapid HIV tests performed 
in the community by certified laboratory technologists and EIA 
confirmation in the laborator}' at Uganda Virus Research 
Institute. In the rapid HIV testing algorithm blood samples were 
first tested with Determine HIV assay (Alere Medical Co., Ltd., 
Chiba, Japan), and if negative, results were reported as negative. 
Determine positive samples were then tested with HIV 1/2 Stat- 
Pak assay (Chembio Diagnostic Systems, Inc. Medford, NY, USA), 
and if positive too, results were reported as positive. But if negative 
on Stat-Pak, Uni-Gold HIV test (Trinity Biotech pic, Bray, 
Ireland) was used as a tie-breaker. All positive rapid results were 
confirmed using 2 parallel enzymelinked immunosorbent assay 
(EIA) tests: Vironostika (HIV Uni-Form II plus 0 microeUsa 
system, Biomerieux, SA, Marcy I'Etoile, France); and Murex HIV- 
1.2.0 (Diasorin S.P.A, Dartford, United Kingdom). Concordinant 
EIA positives were taken as positive but discordant EIA results 
were comfirmed using HIV RNA PCR (COBAS AmpliPrep/ 
COBAS TaqMan HIV-1 Test, v2.0 from Roche Molecular 
Diagnostics, Pleasanton, CA, USA). 

Statistical Analysis 

Participants' characteristics were summarised and compared 
using /-tests for continuous variables and chi-square and Fisher 
Exact tests for categorical variables. Bivariate analyses were used 
to estimated unadjusted (crude) associations between outcome 
variables and potential predictors. Adjusted associations were 
estimated using mutlivariable regression models. All models were 
constructed using stepwise logical model building method (pur- 
poseful selection of covariates) [28] and the most persimonious 
model was selected as the final one. Covariates were selected for 
inclusion in multivariable models based on a bivariate statistical 
significance at an alpha (a) of <0.15 and biological plausibility 
(clinical and intuitive relationship to outcome variable). To 
account for potential correlation at household level (where more 
than 1 participant from a g\'ien household were selected) we used 
the empirical variance estimator to estimate robust standard errors 
[29]. AU statistical analyses were performed using Stata 12 
(StataCorp, College Station, TX) software. 

The main outcome was incident HIV infection among 
previously uninfected individuals at baseline. HIV seroconversion 
was estimated to have occurred at the midpoint between the last 
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negative and first positive serologic tests, approximately 12 months 
apart. Person years at-risk (pyar) were calculated as: (date of last 
HIV seronegative result, or estimated date of HIV seroconversion 
minus date of enrollment) divided by 365.25. HIV incidence rate 
per 1 00 pyar was calculated as number of events of seroconversion 
divided by pyar, multiplied l)y 100. Adjusted incidence rate ratios 
(Adj.IRR) of HIV acquisition with corresponding 95% confidence 
intervals were estimated by multivariable Poisson regression using 
the natural logarithm of pyar as the offset term. The final model 
on HIV acquisition included sex, age, religion, marital status, new 
sexual partners in past 12 months, and frequency of alcohol 
drinking. Alcohol consumption was defined as occassional if the 
participants reported consumption at least once a week or less, and 
regular if they drank daily or at least .3 days every week. Covariates 
that dropped from the final model include ethnicity/tribe, 
duration of stay in fishing communities, occupation, marital 
status, condom use, male circumcision status, and use of 
marijuana. 

Results 

Of the 2191 participants enrolled at baseline, 1685 were 
interviewed during the 12 months post-baseline visit giving a 
follow up rate of 76.9% (Table 1). Follow up rates did not 
statistically differ by sex, education status and religion but were 
significantly lower among those aged 18-24 years, non-Baganda, 
never married, bar/lodge/restaurant workers, those with less than 
one year's stay in fishing tximmunities, and HIV positives at 
baseline. Among the 1288 participants included in incidence 
analysis, the mean (SD) and median (IQR) age in years were 29.7 
(7.5) and 29 (24—35) respectively. Fifty four percent (54.1%) were 
males, 20.4% Moslems, 40.2% Protestants/Evangelical, and 
39.4% Catholics. Only 35.9% had attained post primary 
education, 49.5yo had been residing in their community for less 
than 5 years, and 69.2% were married. Fifty percent (50.3%) were 
involved in fishing and fishing related activities, 10.5% in small 
scale businesses, 5.8% were farmers, and 9.5% were bar/lodge/ 
restaurant workers (not shown). 

HIV incidence rate and associated factors 

There were 48 incident HIV infections among 1288 partici- 
pants followed over 1416.8 person years at risk (pyar) yielding an 
overall cumulative incidence of 3.72% (95% CI, 2.74-4.94) and an 
incidence rate of 3.39/100 pyar (95% CI, 2.55-4.49). Table 2 
shows al)solute incidence rates individual and combined by socio- 
demographic characteristics and risky behaviours. The absolute 
HIV incidence rate (AR) was 3.40 (2.31-4.99) in men, 3.37 (2.22- 
5.13) in women, 3.68 (2.22-6.1 1) among those aged 18-24 years, 
4.77 (2.96-7.67) in 25-29 years, and 2.45 (1.50-4.00) in those 
aged 30 years or more. The AR was 5.44 (3.80-7.78) among 
Roman Catholics, 2.09 (1.18-3.67) in Protestants/Evangelicals 
and 2.06 (0.93^.60) in Moslems. Unmarried participants had an 
AR of 5.04/100 pyar while it was 2.65/100 pyar among the 
married ones [not shown]. High ARs were observed among 
Roman Catholics [5.44 (95% CI; 3.80-7.78)], those involved in 
fishing-related activities [5.46 (95% CI; 3.02-9.86)], participants 
previously married but not married at the time of the study [5.62 
(95% CI; 3.44—9.18)], those who reported 2 or more new sexual 
partners in past 12 months [5.67 (95% CI; 3.14-10.23)], and 
regular alcohol drinkers [6.44 (95% CI; 4.38-9.45)]. But the 
highest incidence was observed among alcohol drinkers aged 25- 
29 years [7.67 (95% CI; 4.62-12.7)]. It is noteworthy tiiat 
involvement in fishing per se did not increase the absolute risk of 



HIV as long as one was young (less than 30 years) and consumed 
alcohol. 

Table 3 shows unadjusted and adjusted incident rate ratios 
(IRRs) of HIV and associated 95% confidence intervals. At 
bivariate analysis, the unadjusted (crude) risk of HIV infection was 
2.6 times higher among Roman Catholics relative to Moslems 
(crude IRR = 2.63, 95% CI, 1.10-6.33), and 2 times higher among 
participants with 2 or more new sex partners in past 12 months 
compared to those with none (crude IRR = 2.13, 95% CI, 1.03- 
4.39). Compared to those who reported no alcohol consumption, 
the risk of HIV infection was twice as high among occasional 
drinkers and four times higher among regular drinkers - 
IRR = 2.33(95% CI, 1.01-5.39) and 4.30 (95% CI, 2.07-8.92), 
respectively. The unadjusted risk was 2 times higher among those 
aged 25-29 years compared to those aged 30 or more years but 
the difference was of borderline statistical significance [IRR= 1.94 
(95% CI, 0.98-3.85)]. 

At multivariable analysis, the risk of HIV infection was 
statistically significantiy associated with age and alcohol consump- 
tion, and there was a borderline association with those previously 
married but not currently married. Compared to participants aged 
30 or more years, the adjusted HIV incidence rate ratios were 3.36 
(95% CI, 1.48-7.65) and 2.65 (95 CI, 1.05-6.70) for participants 
aged 25-29 years and 18-24 years respectively. 

The risk of HIV infection increased with increasing frequency of 
alcohol consumption. Compared to non-drinkers, the adjusted risk 
was 3 times higher in occasional drinkers and 5 times higher in 
regular drinkers - adj.IRR=3.18 (95% CI, 1.18-8.57) and 4.93 
(95% CI, 1.91-12.8), respectively. The effect of alcohol on HIV 
risk was more pronounced in the age group of 25-29 years 
(Table 4). Without considering frequency of alcohol consumption, 
the incident rate ratio of HIV acquisition among alcohol drinkers 
compared to non-drinkers was 2.45 (95% CI, 0.79-7.61), 6.18 
(95% CI, 1.41-27.0), and 3.03 (95% CI, 0.96-9.51) for age years 
30-I-, 25-29 and 18-24 respectively. Compared to non-drinkers, 
the risk of HIV increased with increasing frequency of alcohol 
consumption in each age group. Across age groups, the risk was 
higher among those aged 25-29 years, followed by 18-24 years 
and lowest among those aged 30 or more years for both occasional 
and regular drinkers. The most pronounced effect of alcohol on 
HIV risk was observed among regular drinkers aged 25-29 years, 
IRR = 8.44 (95% CI, 1.85-38.5). 

Although the risk of HIV infection was significantly higher 
among Catholics than Moslems at bivariate analysis [crude 
IRR = 2.63 (95% CI; 1.10-6.33)], tiie association lost statistical 
significance after multivariable adjustment [adj. IRR= 1.65 (95% 
CI; 0.62^.38)]. Nevertheless, we assessed whether the association 
between incident HIV infection and religion was confounded by 
alcohol consumption and male circumcision. Alcohol consumption 
was high(;r among Catholics (51.0%), than Protestants (41.5%) and 
Moslems (27.5%) [trend j!)<0.0001]. As expected male circumci- 
sion higher among Moslems (96.7%) than Protestants (32.5%) and 
Catholics (28.9%) [trend jft<0.0001]. For all the religious groups, 
the absolute incidence of HIV was higher among those who 
reported alcohol drinking (any frequency) than their counterparts 
who reported no alcohol consumption in past 12 months; rates 
were 3.11 (95% CI; 1.00-9.67) versus 1.54 (95% CI; 0.49-4.79) 
among Moslems, 3.47 (95% CI; 1.87-6.45) versus 0.70 (95% CI; 
0.17-2.79) in Protestants/Evangelicals, and 6.86 (95% CI; 4.64- 
10.16) versus 2.67 (95% CI; 1.11-6.42) for Catholics. When 
Catholics and Moslems who drink alcohol were compared, 
adjusting for circumcision, the IRR of HIV acquisition was 2.56 
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Enrolment 


Follow-up Status 






Enrolled No. (%) 


Followed No. (%) 


Not Followed No. (%) 


All Participants 


2191 (99.5) 


1685 (76.9) 


506 (23.1) 


Sex 


Male 


1106 (50.5) 


865 (78.2) 


241 (21.8) 


Female 


1085 (49.5) 


820 (75.6) 


265 (24.4) 


Age at enrolment (years) 


18-24 


616 (28.1) 


429 (69.6) 


187 (30.4)t 


25-29 


566 (25.8) 


434 (76.7) 


132 (23.3) 


30-39 


733 (33.5) 


591 (80.6) 


142 (19.8) 


40-49 


276 (12.6) 


231 (83.7) 


45 (16.3) 


Highest Education level* 


None 


186 (8.5) 


138 (74.2) 


48 (25.8) 


Primary 


1294 (59.1) 


987 (76.3) 


307 (23.7) 


Post primary 


708 (32.4) 


557 (78.7) 


151 (21.3) 


Religion 


Roman Catholic 


890 (40.6) 


681 (76.5) 


209 (23.5) 


Protestant/Anglican 


600 (27.4) 


451 (75.2) 


149 (24.8) 


Moslem 


421 (19.2) 


329 (78.2) 


92 (21.8) 


Pentecostal/Evangelical 


197 (9.0) 


160 (81.2) 


37 (18.8) 


Other^' 


83 (3.8) 


64 (77.1) 


19 (22.9) 


Ethnicity/tribe 


Non-Muganda 


1197 (54.6) 


881 (73.6) 


316 (26.4)^ 


Muganda 


994 (45.4) 


804 (80.9) 


190 (19.1) 


Occupation 


Fishing/Fishing related 


1038 (47.4) 


817 (78.7) 


221 (21.3) 


Trade/Business 


223 (10.2) 


1 76 (78.9) 


47 (21.9) 


Bar/Lodge/Restaurant 


257 (11.7) 


1 70 (66.2) 


87 (33.8)1" 


Farming 


130 (5.9) 


111 (85.4) 


19 (14.6) 


Others* 


353 (16.1) 


272 (77.0) 


81 (22.9) 


Housewife 


190 (8.7) 


139 (73.2) 


51 (26.8) 


Marital status 


Never married 


340 (15.5) 


233 (68.5) 


107 (31.5)t 


Not currently married 


505 (23.1) 


376 (74.5) 


129 (25.5) 


Married monogamous 


923 (42.1) 


743 (80.5) 


180 (19.5) 


Married polygamous 


423 (19.3) 


333 (78.7) 


90 (21.3) 


Duration in community (years) 


Less than 1 


394 (17.9) 


213 (54.1) 


181 (45.9)1 


1 to 4 


823 (37.6) 


609 (74.0) 


214 (26.0) 


5 to 10 


668 (30.5) 


589 (88.0) 


80 (12.0) 


More than 10 


305 (13.9) 


274 (89.8) 


31 (10.2) 


Alcohol consumption 


No 


1031 (47.1) 


799 (77.5) 


232 (22.5) 


Yes 


1160 (52.9) 


886 (76.4) 


274 (23.6) 


Use of Marijuana 


No 


1889 (86.2) 


1460 (77.3) 


429 (22.7) 


Yes 


302 (13.8) 


225 (74.5) 


77 (25.5) 


HIV status (Baseline) 


Positive 


584 (26.6) 


396 (67.8) 


188 (32.2)1 


Negative 


1607 (73.3) 


1 289 (80.2) 


318 (19.8) 



*3 missing education, 

^'Seventh Day Advent/Traditionist, 

*Constructlon/Mechanic/Government/Clerical, 

^"P<0.05. 

doi:10.1371/journal.pone.0094932.t001 
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Table 2. HIV Incidence Rate by Socio-demographic Characteristics 


and Risky Behaviours. 








Characteristic 


Incidence/100 










Cases 


pyar'' 


Rate (95% CI) 




All Participants 


48 


1416.8 


3.39 (2.55-4.49) 




INDIVIDUAL VARIABLES 


Sex 


Male 


26 


765.2 


3.40 (2.31-4.99) 




Female 


22 


651.5 


3.37 (2.22-5.13) 




Age at enrolment (years) 


30+ 


16 


652.8 


2.45 (1.50-4.00) 




25-29 


17 


356.5 


4.77 (2.96-7.67) 




18-24 


15 


407.4 


3.68 (2.22-6.11) 




Religion 


Moslem 


6 


290.5 


2.06 (0.93-4.60) 




Protestant/Evangelical 


12 


575.0 


2.09 (1.18-3.67) 




Roman Catholic 


30 


551.3 


5.44 (3.80-7.78) 




Ethnicity /tribe 


Muganda 


17 


675.5 


2.52 (1.56-4.05) 




Non-Muganda 


31 


741.2 


4.18 (2.94-5.95) 




Occupation 


Trade/Business 


2 


153.0 


1.31 (0.33-5.22) 




Fishing 


16 


504.9 


3.17 (1.94-5.17) 




Fishing related activities^ 


n 


201.4 


5.46 (3.02-9.86) 




Bar/Lodge/Restaurant 


5 


136.7 


3.66 (1.52-8.79) 




Farming 


3 


79.8 


3.76 (1.21-11.6) 




Housewife 


3 


110.6 


2.71 (0.87-8.41) 




Others"' 


8 


230.3 


3.47 (1.74-6.95) 




Duration in community at enrolment (years) 


5+ 


21 


713.4 


2.94 (1.91-4.51) 




2-4 


11 


366.1 


3.00 (1.66-5.42) 




Less than 2 


16 


337.2 


4.75 (2.91-7.74) 




Marital status 


Married monogamous 


18 


632.8 


2.84 (1.79-4.51) 




Married polygamous 


7 


260.2 


2.84 (1.79-4.51) 




Not currently married 


16 


284.5 


5.62 (3.44-9.18) 




Never married 


7 


239.2 


2.93 (1.39-6.14) 




New sex partners in past 1 2 months 


None 


22 


827.5 


2.66 (1.75-4.04) 




1 


7 


251.9 


2.78 (1.32-5.82) 




2+ 


11 


194.1 


5.67 (3.14-10.23) 




Condom use in past 12 months 


Always 


4 


191.0 


2.09 (0.78-5.58) 




Inconsistent 


15 


319.4 


4.69 (2.83-7.79) 




No use 


29 


769.7 


3.77 (2.62-5.42) 




Circumcised (men only) 


Yes 


8 


355.2 


2.25 (1.13-4.50) 




No 


18 


408.5 


4.40 (2.77-6.99) 




Frequency of Alcohol consumption 


No 


10 


668.4 


1 .50 (0.80-2.78) 




Occasional 


12 


344.5 


3.48 (1.98-6.13) 




Regular 


26 


403.9 


6.44 (4.38-9.45) 
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Table 2. Cont. 





Characteristic 


Incidence/100 








Cases 


pyar" 


Rate (95% CI) 


Use of Marijuana 


No 


44 


1299.3 


3.39 (2.52-4.55) 


Yes 


4 


104.5 


3.83 (1.44-10.20) 


COMBINED VARIABLES 


Age and fishing 


30+ and involved in fishing 


11 


336.9 


3.26 (1.80-5.90) 


25-29 and involved in fishing 


9 


195.4 


4.61 (2.40-8.85) 


18-24 and involved in fishing 


7 


174.1 


4.02 (1.92-8.43) 


Age and alcohol drinking 


30+ and drinks alcohol 


12 


359.0 


3.34 (1.89-5.89) 


25-29 and drinks alcohol 


15 


195.5 


7.67 (4.62-12.7) 


18-24 and drinks alcohol 


11 


193.8 


5.67 (3.14-10.2) 


Age, fishing and alcohol drinking 


30+, fishing and alcohol use 


7 


196.1 


3.57 (1.70-7.49) 


25-29, fishing and alcohol use 


8 


118.1 


6.77 (3.39-13.5) 


18-24, fishing and alcohol use 


4 


80.2 


4.99 (1.87-13.3) 



^'PYAR-person years at risk, 

^Fishmongers, fish processing, boat maker/owner, 

Construction/Mechanic/Government/Clerical. 
doi:1 0.1 371 /journal.pone.0094932.t002 



(95% CI; 0.29-22.54), /)= 0.398. Results were similar when non- 
alcohol drinkers were compared - adj.IRR = 2.44 (95% CI; 0.22- 
26.94), /) = 0.466 [Not .shown]. 

Discussion 

In a general population cohort study in fishing communities 
around Lake Victoria, Uganda, we found an overall HIV-1 
incidence rate of 3.39/100 pyar (95% CI, 2.55-4.49) with the 
highest incidence of 7.67 (95% CI; 4.62-12.7) observed among 
alcohol drinkers aged 25-29 years. The risk of HIV infection was 
mainly associated with young age (less than 30 years) and alcohol 
consumption. 

The incidence of HIV that we observed in this general FFC 
population study was lower than that found in fisherfolk that were 
screened for high risk behaviour in a previous study that was 
conducted in Entebbe and Masaka communities (3.4 /lOO vs 4.9/ 
100 pyar, /) = 0.059) [11]. However, the general FFC population 
rate in this study conducted in Entebbe site communities was not 
different from that observed among high risk FFC from the same 
side of the lake (3.4/100 vs 3.8/100 pyar, /; = 0.588) [11]. Our 
data seems to suggest that for adult sexually active persons, living 
in a fishing community is generally associated with increased risk 
for HIV infection. But strong conclusions on this observation can 
be better made from studies that involve both fishing and non 
fishing communities in which direct comparisons of HIV rates 
could be done. However, findings from Rakai district. Southwest- 
ern Uganda, indicate that HIV rates are highest in lake shore 
communities, followed by adjacent communities and are lowest in 
agrarian non fishing communities (pc Dr.David Serwadda). Our 
fmding of similar risk of HIV infection between general population 
of fisherfolk and those screened for high risk implies that HIV 
prevention and control programs as well as intervention studies 
should target the fisherfolk community as a whole without pre- 



screening for "high risk". It is noteworthy that the overall risk of 
HIV infection of 3.39/100 pyar that we found among general 
population of fishing communities is about 4 times higher than the 
estimated national incidence among adults in general population 
in Uganda [30]. However, the risk among persons in fishing 
communities who are considered to be "high risk" is about 5-8 
times higher than the estimated national rate among adults. This 
underscores the need for urgent interventions to prevent and 
control the spread of HIV in fishing communities which tend to be 
socially margnalized and under served. Furthermore, there is need 
for more studies in fishing communities to concretize the evidence 
that these communities are key HIV populations. With such high 
risks of HIV infection in fishing communities, sexual inter-mixing 
and interactions between persons in these communities and the 
general populations may lead to an upsurge of HIV incidence in 
general population. 

We found a higher rate of HIV infection among young people 
(aged 18-29 years) which is consistent with an earlier study [11] 
but differs from the observation of higher rates of infection among 
older people in the general population in Uganda [1]. This 
difference highlights the potential variations in HIV risk profdes 
(risk factors and drivers) between general population and key 
populations within the same regional/geographical HIV sub- 
epidemic. 

Alcohol consumption was a very strong predictor of risk of HIV 
infection in this study; regular drinkers were 5 times more likely to 
get infected with HFV compared to non-drinkers. This finding too 
is consistent with previous studies among FFC in Uganda that 
reported higher risk of HIV infection among regular alcohol 
drinkers and a strong correlation between alcohol consumption 
and risky behaviours such as having multiple sexual partners, sex 
with non-regular partner and transactional sex [4,11,31]. In this 
study we explored the association between HIV incidence and 
alcohol consumption stratified by religion and found that in all 
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Table 3. Unadjusted and Adjusted Incidence Rate Ratios of HIV Acquisition and Associated Factors. 




Characteristic 


Incidence Rate Ratio (95% CI) 




Unadjusted 


Adjusted P-value 


Sex 


Male 


1 (Reference) 


1 (Ref) 


Female 


0.99 (0.56-1 .75) 


1.15(0.58-2.29) 0.68 


Age (years) 


30+ 


1 (Ref) 


1 (Ref) 


25-29 


1 .94 (0.98-3.85) 


3.36 (1.48-7.65) 0.004 


18-24 


1 .50 (0.74-3.04) 


2.65(1.05-6.70) 0.039 


Religion 


Moslem 


1 (Ref) 


1 (Ref) 


Protestant/Evangelical 


1.01 (0.38-2.69) 


0.78 (0.26-2.27) 0.645 


Roman Catholic 


2.63 (1.10-6.33) 


1.65 (0.62-4.38) 0.317 


Etiinicity/tribe 


Muganda 


1 (Ref) 




Non-Muganda 


1 .66 (0.92-3.00) 




Occupation 


Trade/Business 


1 (Ref) 




Fishing 


2.42 (0.56-10.5) 




Fishing related activities^ 


4.18 (0.93-18.8) 




Bar/Lodge/Restaurant 


2.80 (0.54-14.4) 




Farming 


2.88 (0.48-1 7.2) 




Housewife 


2.07 (0.35-12.4) 




Others^t 


2.66 (0.56-12.5) 




Duration in community at enrolment (years) 


5+ 


1 (Ref) 




2-4 


1.02 (0.49-2.12) 




Less than 2 


1.61 (0.84-3.09) 




Marital status 


Married monogamous 


1 (Ref) 




Married polygamous 


0.94 (0.39-2.26) 


1.20(0.46-3.11) 0.712 


Not currently married 


1.98 (1.01-3.87) 


2.06 (0.92-4.61) 0.079 


Never married 


1 .03 (0.43-2.46) 


0.84 (0.28-2.50) 0.749 


New sex partners in past 1 2 months 


None 


1 (Ref) 


1 (Ref) 


1 


1.04 (0.45-2.45) 


0.89 (0.37-2.14) 0.793 


2+ 


2.13 (1.03-4.39) 


1.31 (0.58-2.99) 0.513 


Condom use in past 12 months 


Always 


1 (Ref) 




Inconsistent 


2.24 (0.74-6.75) 




No use 


1.80 (0.63-5.11) 




Circumcised (men only) 


Yes 


1 (Ref) 




No 


1.96 (0.85-4.50) 




Frequency of Alcohol consumption 


No 


1 (Ref) 


1 (Ref) 


Occasional 


2.33 (1.01-5.39) 


3.18(1.18-8.57) 0.022 


Regular 


4.30 (2.07-8.92) 


4.93 (1.91-12.8) 0.001 


Use of Marijuana 


No 


1 (Ref) 




Yes 


1.13 (0.41-3.15) 




doi:10.1371/journal.pone.0094932.t003 
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Table 4. Frequency of alcohol drinking on HIV-1 incidence by age group. 





Characteristic 


IRR (95% CI) by Age group 








30+ 


25-29 


18-24 


Alcohol drinl(ing 


No 


1 (Ref) 


1 (Ref) 


1 (Ref) 


Yes 


2.45 


6.18 


3.03 




(0.79-7.61), p = O.U 


(1.41-27.0), p = 0.016 


(0.96-9.51), p = 0.058 


Frequency of alcohol drinking 


No 


1 (Ref) 


1 (Ref) 


1 (Ref) 


Occasional 


1.54 


4.02 


2.10 




(0.34-6.89), p = 0.57 


(0.78-20.7), p = 0.096 


(0.53-8.41), p = 0.293 


Regular 


3.06 


8.44 


4.04 




(0.94-9.93), p = 0.063 


(1.85-38.5), p = 0.006 


(1.18-13.8), p = 0.026 



doi:l 0.1 371 /journal.pone.0094932.t004 



religious groups (Moslems, Protestants/Evangelicals, and Catho- 
lics) the absolute incidence of HIV infection was 2-5 times higher 
among alcohol drinkers compared to non-drinkers. Despite the 
97% circumcision level among Moslems, those who drank alcohol 
had a 2 times absolute risk of HIV infection relative to their non- 
drinking counterparts. The increased risk of HIV infection in 
Moslems who drink alcohol raises the question whether alcohol 
consumption might diminish the impact of circumcision in 
preventing HIV spread but this hypothesis warrants further 
studying. In general, the problem of alcohol consumption in 
fishing communities needs to be addressed not only due to its 
strong association with risk of HIV infection but also in its own 
entity as a psychosocial problem. Interventions to reduce 
hazardous alcohol use have been shown to lower unprotected 
sex [32] which might result in reduced risk of HIV acquisition and 
transmission. 

The strengths of this study include; 1) it was conducted in a 
general FFC population that was randomly selected which enabled 
estimation of population-wide HIV rates, 2) study communities 
included islands and lakeshores unlike previous studies that were 
conducted exclusively in lakeshore communities, 3) none of the 



study communities had been involved in previous epidemiological 
studies thus the observed rates are unlikely to have been influenced 
by prior studies and their related interventions, and 4) study 
communities came from 3 Ugandan districts along L.Victoria 
which ensured a wide geographical representation. Nonetheless, 
this study had some limitations. First, inability to assess sexually 
transmitted infections (STIs) which are known co-factors for HIV 
infection and hence important to adjust for in estimation of HIV 
rates. Second, lack of inclusion of non fishing communities which 
would have facilitated direct comparisons of HIV rates between 
fishing and non fishing communities. Lastly, the assessment of 
alcohol consumption and illicit drug use did not use conventionally 
standardized questions. 

Author Contributions 

Conceived and designed the experiments: NK NKS. Performed the 
experiments: NK AS JM MVV A. Nanvubya SS LN AB JN. Analyzed the 
data: NK AS A. Nalutaaya PK JN NKS. Contributed reagents/materials/ 
analysis tools: PKK PK. Wrote the paper: NK AS JM A. Nanvubya LN 
PKJN NKS. Performed laboratory assays: PKK. 



References 

1. UNAIDS (2010) UNAIDS: UNAIDS Report on the Global AIDS Epidemic 
2010. Geneva, Switzerland. 

2. Tanser F, dc OT, Maheu-Giroux M, Barnighausen T (2013) Coneentratcd HIV 
subcpidcmics in generalized epidemic settings. Curr Opin HIV AIDS. 10. 1097/ 
COH.0000000000000034 [doi]. 

3. UNAIDS (2012) UNAIDS. Available: http://www.unaids.org/en/ 
knowyourepidcmie/ epidcmiologicalfactshects/ 7^d.en..^27 17. 

4. Asiki G, Mpendo J, Abaasa A, Agaba G, Nanvubya A, et al. (2011) HIV and 
syphilis prevalence and associated risk factors among fishing communities of 
Lake Victoria, Uganda. Sex Transm Infect 87: ."jl l-.^l:'). 511.2010.04680,') 
[pii] : 1 0. 1 1 36/sti.20 1 0.046805 [doi] . 

5. Kiwanuka N, Ssetaala A, Mpendo J, Wambuzi M, Nanvubya A, et al. (2013) 
High HIV-1 prevalence, risk behaviours, and willingness to participate in HIV 
vaccine trials in fishing communities on Lake Victoria, Uganda. J Int AIDS Soc 
16: 18621. 18621 [pii]. 

6. Kwena ZA, Bukusi EA, Ng'ayo MO, Buffardi AL, Nguti R, ct al. (2010) 
Prevalence and risk factors for sexually transmitted infections in a high-risk 
occupational group: the case of fishermen along Lake Victoria in Kisumu, 
Kenya. Int J STD AIDS 21: 708-713. 21/10/708 [i3ii]:10.12.'j8/ijsa.2010. 
010160 [doi]. 

7. Kwena ZA, Gamlin GS, Shisanya GA, Mwanzo I, Bukusi EA (2013) Short-terin 
mobility and the risk of HIV infection among married couples in the fishing 
communities along Lake Victoria, Kenya. PLoS One 8: e.54.523. 10.1371/ 
journal.pone.0054.')23 [doi] ;PONE-D- 12-27727 [pii]. 

8. MacPherson EE, Sadalaki J, Njoloma M, Nyongopa V, Nkhwazi L, et al. (2012) 
Transactional sex and HIV: understanding the gendered structural drivers of 



HIV in fishing communities in Southern Malawi. J Int AIDS Soc 1.5 Suppl 1: 1- 
9. 17364 Ipii]. 

9. Gamlin GS, Kwena ZA, Dworkin SL (2013) Jaboya vs. jakambi: Status, 
negotiation, and HIV risks among female migrants in the "sex for fish" economy 
m Nyanza Province, Kenya. AIDS Edue Prev 25: 216-231. 10.1521/ 
acap.2013.25. 3.216 [doi]. 

10. Gohcn GR, Montandon M, Garrico AW, Shiboski S, Bostrom A, ct al. (2009) 
Association of attitudes and beliefs towards antiretroviral therapy with HIV- 
seroprevalence in the general population of Kisumu, Kenya. PLoS One 4: 
e4573. 10.1371/journal.ponc.0004573 [doi]. 

11. SeeleyJ, Nakiyingi-Miiro J, Kamah A, Mpendo J, Asiki G, ct al. (2012) High 
HIV incidence and socio-behavioral risk patterns in fishing communities on the 
shores of Lake Victoria, Uganda. Sex Transm Dis 39: 433—439. 10.1097/ 
OLQ..0b013e318251555d [doi] :00007435-20 1206000-00007 |pii]. 

12. Serwadda D, Mugerwa RD, Sewankambo NK, Lwegaba A, GarswellJW, et al. 
(1985) Slim disease: a new disease in Uganda and its association with HTLV-III 
infection. Lancet 2: 849-852. 

13. Kissling E, /Ulison EH, Seelcy JA, Russell S, Bachmann M, ct al. (2005) 
Fisherfolk are among groups most at risk of HIV: cross-country analysis of 
prevalence and numbers infected. AIDS 19: 1939-1946. 00002030-2005 1 1 180- 
00001 [pii]. 

14. Kipp W, Kabwa P, Vcrbeek A, Fischer P, Eggert P, et al. (199.5) Prevalence and 
risk factors of HIV-1 infection in three parishes in western Uganda. Trop Med 
Parasitol 46: 141-146. 



PLOS ONE I www.plosone.org 



8 



May 2014 | Volume 9 | Issue 5 | e94932 



HIV-1 Incidence in Fishing Communities in Uganda 



15. Mojola SA (201 1) Fishing in dangerous waters: Ecology, gender and economy in 
HIV risk. Soc Sci Med 72: 149-156. 80277-9536(10)00787-2 [pii];10.1016/ 
j.socscimed.2010.1 1.006 [doi], 

16. Seeley JA, Allison EH (2005) HIV/ AIDS in fishing communities: challenges to 
delivering antiretroviral therapy to vulnerable groups. AIDS Care 17: 688-697. 
U48627K8714X203T [pii];l 0.1 080/09540 1204 1233 1336698 [doi]. 

17. Opio A. Muyonga M, Mulumba N (2013) HIV Infection in Fishing 
Comniiinilies of Lake Victoria Basin of Uganda - A Cross-Sectional Sero- 
Behavioral Sur\-ey. PLoS One 8: e70770. 10.1371/journal.pone.0070770 
[doij ;PONE-D- 13-1 067 1 [piij . 

18. Uganda AIDS Commission (2008) The Modes of Tranmission Study. Ihe 
Uganda Country Synthesis Report. Kampala, Uganda. 

19. Chersich MF, Luchters S, Ntaganira I, Gerbase A, Lo YR, et al. (2013) Priority 
interventions to reduce HIV transmission in sex work settings in sub-Saharan 
Africa and delivery of these services. J Int AIDS Soc 16: 17980. 17980 [pii]. 

20. Gyscls M, Pool R, Bwanika K (2001) Truck drivers, middlemen and commercial 
sex workers: AIDS and the mediation of sex in south west Uganda. AIDS Care 
13: 373-385. 10.1080/09540120120044026 [doij ;GT4UYNNP9M6UX2GN 
IpiiJ. 

21. Bwayo J, Plummer F, Omari M, Mutere A, Moses S, ct al. (1994) Human 
immunodeficiency virus infection in long-distance truck drivers in east Africa. 
Arch Intern Med 154: 1391-1396. 

22. HIadik W, Barker J, Ssenkusu JM, Opio A, Tappcro JW, et al. (2012) HIV 
infection among men who have sex with men in Kampala, Uganda-a 
respondent driven sampling sur\'ey. PLoS One 7: c38143. 10.1371/journal.- 
pone.0038143 [doiJ;PONE-D-l l-o'4705 [piij. 

23. McArthur M, Birdthisde I, Seeley J, Mpcndo J, Asiki G (2013) How HIV 
Diagnosis and Disclosure Alfect Sexual Behavior and Relationships in Ugandan 



Fishing Communities. Qual Health Res 23: 1125-1137. 1049732313495327 
[pii];10.1 177/1049732313495327 [doi]. 

24. Smolak A (2014) A meta-analysis and systematic review of HIV risk behavior 
among fishermen. AIDS Care 26: 282-291. 10.1080/09540121.2013.824541 
[doi]. 

25. Nunan F, Luomba J, Lwenya C, Yongo E, Odongkara K, et al. (2012) Finding 
space for participation: lisherfolk mobility and co-management of Lake Victoria 
fisheries. Environ Manage 50: 204-216. 10.1007 /sO0267-O12-9881-y [doi]. 

26. Gazi R, Mercer A, Wansom T, Kabir H, Saha NC, ct al. (2008) An assessment 
of \'ulnerability to HIV infection of boatmen in Teknaf, Bangladesh. Confl 
Health 2: 5. 1752-1505-2-5 [[iiij;10.1 186/1752-1505-2-5 [doi]. 

27. Uganda Ministry' of Health (2003) Uganda National Policy Guidehnes on HIV 
Voluntary Counseling and Testing. 

28. Hosmer DW, Lemeshow S (1999) Applied Sur\'ival Analvsis: Regression 
modeling of Time to Event Data. (1st Ed). John Wiley & Sons, Inc. 

29. Zeger SL, Liang KY, Albert PS (1988) Models for longitudinal data: a 
generalized estimating equation approach. Biometiics 44: 1049-1060. 

30. Kim AA, Hallett T, Stover J, Gouws E, Musinguzi J, et al. (201 1) Estimating 
HIV incidence among adults in Kenya and Uganda: a systematic comparison of 
multiple methods. PLoS One 6: el7535. 10.I371/iournal.ponc.0017535 [doi]. 

31. 'f um\vcsigye XM, Atuyambe L, \\'an>enze RK, Kiloira SP, Li Q, et al. (2012) 
Alcohol consumption and risky sexual behaviour in the fishing communities: 
evidence from two fish landing sites on Lake Victoria in Uganda. BMC Public 
Health 12: 1069. 1471-2458-12-1069 [pii];10. 1 186/147 1-2458-12-1069 [doij. 

32. Chersich MF, Rces HV, Scorgie F, Martin Q (2009) Enhancing global control of 
alcohol to reduce unsafe sex and HIV in sub-Saharan Airica. Global Health 5: 
16. 1744-8603-5-16 [pii];10.1186/1744-8603-5-16 [doi]. 



PLOS ONE I www.plosone.org 



9 



May 2014 I Volume 9 | Issue 5 | e94932 



